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(54) INK JET RECORDING HEAD AND INK JET RECORDER 



(57) The present invention relates to an ink-jet 
recording head and an ink-jet recording device wherein 
peeling, a crack and others at the end of a piezoelectric 
active part can be prevented. 

In an ink-jet recording head provided with a dia- 
phragm constituting a part of a pressure generating 
chamber communicating with a nozzle aperture and a 
piezoelectric element formed on the diaphragm and 
provided with the piezoelectric active part of the piezoe- 
lectric element in an area opposite to the pressure gen- 
erating chamber, a vibration regulating part for partially 
regulating vibration at least in a part of the diaphragm in 
the vicinity of a boundary with the peripheral wall of the 
pressure generating chamber is provided. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to an ink-jet 
recording head and an ink-jet recording device wherein 
a piezoelectric element is formed in a part of a pressure 
generating chamber communicating with a nozzle aper- 
ture for jetting an ink droplet via a diaphragm so that an 
ink droplet is jetted by the displacement of the piezoe- 
lectric element. 

Description of the Related Art 

[0002] For an ink-jet recording head wherein a part of 
a pressure generating chamber communicating with a 
nozzle aperture for jetting an ink droplet is constituted 
by a diaphragm and an ink droplet is jetted from the noz- 
zle aperture by deforming the diaphragm by a piezoe- 
lectric element and pressurizing ink in the pressure 
generating chamber, two types of a type that a piezoe- 
I ctric actuator in a longitudinal vibration mode for 
extending or contracting a piezoelectric element axial ly 
is used and a type that a piezoelectric actuator in a flex- 
ura I vibration mode is used are realized. 
[0003] For the former, the volume of a pressure gen- 
erating chamber can be varied by touching the end face 
of a piezoelectric element to a diaphragm and a head 
suitable for high density printing can be manufactured, 
however, on the other hand, there is a problem that a 
difficult process for cutting a piezoelectric element in the 
form of the tooth of a comb in accordance with the 
arrangement pitch of nozzle apertures and work for 
positioning and fixing the cut piezoelectric element over 
a pressure generating chamber are required and its 
manufacturing process is complicated. 
[0004] In the meantime, for the latter, a piezoelectric 
element can be fixed on a diaphragm in a relatively sim- 
ple process for sticking a green sheet which is piezoe- 
lectric material in accordance with the shape of a 
pressure generating chamber and burning it, however, 
on the other hand, there is a problem that area to some 
extent is required because flexural vibration is utilized 
and high density arrangement is difficult. 
[0005] In the meantime, to solve the problem of the 
recording head equivalent to the latter, as disclosed in 
Japanese published unexamined patent application No. 
Hei5-286131, a recording head wherein a piezoelectric 
element is independently formed every pressure gener- 
ating chamber by forming a uniform piezoelectric mate- 
rial layer on the whole surface of a diaphragm by thin 
film technique and cutting the piezoelectric material 
layer in a shape corresponding to each pressure gener- 
ating chamber by lithography is proposed. 
[0OG6] Hereby, there is an advantage that work for 
sticking a piezoelectric element on a diaphragm is not 



required, not only a piezoelectric element can be fixed 
by a precise and convenient method such as lithography 
but the piezoelectric element can be thinned and high 
speed driving is enabled. 

s [0007] In this case, a piezoelectric element corre- 
sponding to each pressure generating chamber can be 
driven by providing at least only an upper electrode 
every pressure generating chamber with a piezoelectric 
material layer provided on the whole surface of a dia- 

io phragm, however, it is desirable because of a problem 
of the quantity of displacement per unit driving voltage 
and stress upon a piezoelectric layer in a part across a 
part opposite to a pressure generating chamber and the 
outside that a part except at least one end of a piezoe- 

is lectric layer and an upper electrode respectively consti- 
tuting a piezoelectric element is not continuously 
extended outside a pressure generating chamber. How- 
ever, there is a problem that in such structure, a crack is 
readily made in a piezoelectric layer particularly cross- 

20 ing a boundary. 

[0008] If a substantial driving part of a piezoelectric 
element is provided apart from over a peripheral wall 
and corresponding to each pressure generating cham- 
ber, structure wherein a piezoelectric element corre- 

25 spending to each pressure generating chamber is 
. generally covered with an insulating layer, a window 
(hereinafter called a contact hole) for forming a connec- 
tion to a lead electrode for supplying voltage for driving 
each piezoelectric element is provided to the insulating 

30 layer corresponding to each pressure generating cham- 
ber and the connection of each piezoelectric element 
and a lead electrode is formed in a contact hole is pro- 
posed. However, the above structure has a problem that 
stress is concentrated in the vicinity of a contact hole 

3s and breaking and others are readily caused. 

[0009] For the above ink-jet recording head, to 
enhance the efficiency of the displacement of a dia- 
phragm by the driving of a piezoelectric element struc- 
ture in which a diaphragm in a part corresponding to 

40 both sides of a piezoelectric element is thinned is pro- 
posed. However, when displacement is increased as 
described above, the above problem is promoted. Fur- 
ther, there is also a problem that breaking such as a 
crack is readily caused in the vicinity of the peripheral 

45 wall of a pressure generating chamber of a diaphragm 
or in the vicinity of a contact hole. 
[001 0] These problems are readily caused particularly 
in case a piezoelectric material layer is formed by fOm 
forming technique. The reason is that as a piezoelectric 

so material layer formed by film forming technique is very 
thin, its rigidity is lower, compared with a piezoelectric 
material layer on which a piezoelectric element is stuck. 

SUMMARY OF THE INVENTION 

55 

[0011] The present invention is made in view of such 
a situation and the object is to provide an ink-jet record- 
ing head and an ink-jet recording device wherein peel- 
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ing, a crack and others in the vicinity of the peripheral 
wall of a pressure generating chamber of a piezoelectric 
element and a crack and others of a diaphragm are pre- 
vented and durability can be secured. 
[001 2] A first embodiment of the present invention to 
solve the above problems relates t an ink-jet recording 
head based upon an ink-jet recording head provided 
with a diaphragm constituting a part of a pressure gen- 
erating chamber communicating with a nozzle aperture 
and a piezoelectric element formed on the diaphragm . 
and provided with a piezoelectric active part of the 
above piezoelectric element in an area opposite to the 
above pressure generating chamber and characterized 
in that a vibration regulating part for partially regulating 
at least a part of vibration of the above diaphragm is 
provided in the vicinity of a boundary with the peripheral 
wall of the above pressure generating chamber. 
[0013] According to such a first embodiment, the 
vibration of the diaphragm in the vicinity of a part in 
which a crack and others are readily caused is partially 
regulated by the vibration regulating part without 
extremely reducing the whole excluded volume and a 
crack and peeling are prevented. 
[001 4] A second embodiment of the present invention 
relates to an ink-jet recording head based upon the first 
embodiment and characterized in that the above dia- 
phragm is provided with a thin part thinner than the 
thickness of a part corresponding to the above piezoe- 
lectric active part in a part at least on both sides in the 
direction of the width of the piezoelectric active part and 
along the edge of the above pressure generating cham- 
ber. 

[0015] According to such a second embodiment, a 
crack and others are prevented from being caused due 
to the increase of the quantity of displacement by the 
vibration regulating part because of the thin part. 
[001 6] A third embodiment of the present invention 
relates to an ink-jet recording head based upon the first 
or second embodiment and characterized in that the 
above vibration regulating part is provided outside and 
on both sides of the end in the longitudinal direction of 
the above piezoelectric active part. 
[001 7] According to such a third embodiment, vibra- 
tion at the end of the piezoelectric active part is regu- 
lated and a crack and peeling at the end are prevented. 
[0018] A fourth embodiment of the present invention 
relates to an ink-jet recording head based upon the sec- 
ond embodiment and characterized in that the above 
vibration regulating part is provided outside the end in 
the longitudinal direction of the above piezoelectric 
active part and the above diaphragm on both sides of 
the vibration regulating part is the above thin part. 
[001 9] According to such a fourth embodiment, vibra- 
tion at the end of the piezoelectric active part is regu- 
lated and a crack and peeling at the end are prevented. 
[0020] A fifth embodiment of the present invention 
relates to an ink-jet recording head based upon the first 
or second embodiment and characterized in that the 



above vibration regulating part is provided to a part on 
both sides in the direction of the width of the above pie- 
zoelectric active part 

[0021 ] According to such a fifth embodiment, vibration 
s is regulated in a part of the center of the piez electric 
active part and a crack and p eling at the end are pre- 
vented. 

[0022] A sixth embodiment of the present invention 
relates to an ink-jet recording head based upon any of 
io the second to fifth embodiments and characterized in 
that the above vibration regulating part is a thick part 
thicker than the above thin part in the thickness of the 
above diaphragm. 

[0023] According to such a sixth embodiment, the 
is vibration of a pi ezoeJectric actuator is partially regulated 

by providing a partial thick part 

[0024] A seventh embodiment of the present invention 

relates to an ink-jet recording head based upon any of 

the first to sixth embodiments and characterized in that 
20 the above vibration regulating part is provided with 

another layer for regulating the vibration of the vibration 

regulating part. 

[0025] According to such a seventh embodiment, as 
another layer is partially provided, the vibration of the 

25 piezoelectric actuator is partially regulated. 

[0026] An eighth embodiment of the present invention 
relates to an ink-jet recording head based upon any of 
the first to seventh embodiments and characterized in 
that the above vibration regulating part is provided with 

30 an inactive part provided with an inactive piezoelectric 
layer on the above diaphragm. 

[0027] According to such an eighth embodiment, as 
the inactive piezoelectric layer is partially provided, the 
vibration of an piezoelectric element is partially regu- 
35 lated. 

[0028] A ninth embodiment of the present invention 
relates to an ink-jet recording head based upon the 
eighth embodiment and characterized in that the above 
inactive part is a part in which an upper electrode on a 

40 piezoelectric layer constituting the above piezoelectric 
element is removed or a part in which an upper elec- 
trode is provided on a piezoelectric layer via an insulat- 
ing layer. " - 
[0029] According to such a ninth embodiment as the 

45 upper electrode is removed or the upper electrode is 
provided via the insulating layer, the vibration of a piezo- 
electric actuator is partially regulated. 
[0030] A tenth embodiment of the present invention 
relates to an ink-jet recording head based upon the first 

so embodiment and characterized in that the above vibra- 
tion regulating part is provided in at least a part of the 
inner edge of a boundary between the above pressure 
generating chamber and the peripheral wall and is a 
thick part the whole thickness of which is thicker than 

55 the whole thickness around the above piezoelectric 
active part. 

[0031 ] According to such a tenth embodiment, the ink- 
jet recording head wherein the breaking and others of a 
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diaphragm are prevented owing to the thick part, and 
the efficiency of displacement and reliability are 
enhanced is realized. 

[0032] An eleventh embodiment of the present inven- 
tion relates to an ink-jet recording head based upon the s 
tenth embodiment and characterized in that the above 
thick part is provided on both sides in the direction of the 
width of the above piezoelectric active part. 
[0033] According to such an eleventh embodiment, 
the strength of an arm on both sides of a diaphragm is 
enhanced owing to the thick part 
[0034] A twelfth embodiment of the present invention 
relates to an ink-jet recording head based upon the 
tenth or eleventh embodiment and characterized in that 
the inner edge of the above thick part provided at the 
corner of the above pressure generating chamber is 
curved. 

[0035] According to such a twelfth embodiment, as a 
corner at the inner edge of the thick part is removed, the 
generation of a crack and others in a diaphragm in the 
vicinity of the inner edge is inhibited. 
[0036] A thirteenth embodiment of the present inven- 
tion relates to an ink-jet recording head based upon any 
of the tenth to twelfth embodiments and characterized in 
that the above thick part is composed of the above dia- 
phragm, the above piezoelectric layer and the above 
upper electrode. 

[0037] According to such a thirteenth embodiment, 
the strength of the diaphragm is enhanced by the dia- 
phragm, the piezoelectric layer and the upper electrode. 
[0038] A fourteenth embodim ent of the present inven- 
tion relates to an ink-jet recording head based upon any 
of the tenth to twelfth embodiments and characterized in 
that the above thick part is composed of the above dia- 
phragm and another layer. 

[0039] According to such a fourteenth embodiment, 
the strength of the diaphragm is enhanced by the dia- 
phragm and another layer. 

[0040] A fifteenth embodiment of the present invention 
relates to an ink-jet recording head based upon any of 
the tenth to twelfth embodiments and characterized in 
that the above thick part is composed of the above dia- 
phragm. 

[0041] According to such a fifteenth embodiment, 
durability is enhanced by not thinning the inside of a 
boundary with the peripheral wall in structure in which 
an arm is thinned. 

[0042] A sixteenth embodiment of the present inven- 
tion relates to an ink-jet recording head based upon any 
of the tenth to fourteenth embodiments and character- 
ized in that the periphery of the above piezoelectric 
active part is substantially composed of the above dia- 
phragm. 

[0043] According to such a sixteenth embodiment, the 
durability of the diaphragm is enhanced by constituting 
an arm by only the diaphragm and thickening the inside 
of a boundary with the peripheral wall, compared with 
the arm. 



[0044] A seventeenth embodiment of the present 
invention relates to an ink-jet recording head based 
upon any of the tenth to fifteenth embodiments and 
characterized in that around the above ptezo lectric 
active part, the abov diaphragm is substantially rela- 
tively thinned. 

[0045] According to such a seventeenth embodiment, 
the efficiency of the displacement of the piezoelectric 
active part is enhanced by thinning the diaphragm in the 
arm, however, breaking is prevented by the thick part 
inside a boundary with the peripheral wall. 
[0046] An eighteenth embodiment of the present 
invention relates to an ink-jet recording head based 
upon the seventeenth embodiment and characterized in 
that the above diaphragm is composed of an elastic film 
and a lower electrode and the periphery of the above 
piezoelectric active part is composed of only the above 
elastic film. 

[0047] According to such an eighteenth embodiment, 
the efficiency of the displacement of the piezoelectric 
active part is enhanced by constituting an arm by only 
the elastic film and in the meantime, durability is 
enhanced inside the boundary with the peripheral wall 
by leaving at least the lower electrode 
[0048] A nineteenth embodiment of the present inven- 
tion relates to an ink-jet recording head based upon the 
first or second embodiment and characterized in that 
the above vibration regulating part is provided in a part 
of an arm along the edge of the above pressure gener- 
ating chamber on both sides in the direction of the width 
of the above piezoelectric active part and the vibration 
of the above diaphragm is regulated by gradually vary- 
ing the thickness of the above arm. 
[0049] According to such a nineteenth embodiment, 
the displacement of the arm is regulated closer to the 
vibration regulating part by the vibration regulating part 
the thickness of which is gradually increased and break- 
ing in the vicinity of the vibration regulating part is pre- 
vented. 

[0050] A twentieth embodiment of the present inven- 
tion relates to an ink-jet recording head based upon the 
first or second embodiment and characterized in that 
the above vibration regulating part is provided in a part 
of an arm along the edge of the above pressure gener- 
ating chamber on both sides in the direction of the width 
of the above piezoelectric active part and the vibration 
of the above diaphragm is regulated by gradually vary- 
ing the width of the arm. 

[0051 ] According to such a twentieth embodiment, the 
displacement of the arm is regulated closer to the vibra- 
tion regulating part by the vibration regulating part the 
width of which is gradually narrowed and breaking in the 
vicinity of the vibration regulating part is prevented. 
[0052] A twenty-first embodiment of the present inven- 
tion relates to an ink-jet recording head based upon the 
first or second embodiment and characterized in that 
the above vibration regulating part is provided in a part 
of an arm along the edge of the above pressure gener- 
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ating chamber on both sides in the direction of the width 
of the above piezoelectric active part and the vibration 
of the above diaphragm is regulated by gradually vary- 
ing the thickness and th width of the arm. 
[0053] According to such a twenty-first embodiment 
the displacement of the arm is regulated toward the end 
of the pressure generating chamber by the vibration 
regulating part the thickness of which is gradually 
increased and the width of which is gradually narrowed 
and breaking in the vicinity of the end of the pressure 
generating chamber is prevented. 
[0054] A twenty-second embodiment of the present 
invention relates to an ink-jet recording head based 
upon the twentieth or twenty-first embodiment and char- 
acterized in that the width of the above arm is equivalent 
to distance from the end in the direction of the width of 
the above piezoelectric active part to a thick part which 
is provided between adjacent piezoelectric active parts 
and the thickness of which is thicker than the arm. 
[0055] According to such a twenty-second embodi- 
ment, the width of the vibration regulating part can be 
varied by varying the width of the piezoelectric active 
part and the thick part. 

[0056] A twenty-third embodiment of the present 
invention relates to an ink-jet recording head based 
upon any of the nineteenth to twenty-second embodi- 
ments and characterized in that the above diaphragm is 
composed of an elastic film and a lower electrode pro- 
vided on the elastic film, the above arm is essentially 
composed of the above elastic film and the above lower 
electrode and the variation of the thickness of the above 
vibration regulating part is equivalent to the variation of 
the thickness of the above piezoelectric layer. 
[0057] According to such a twenty-third embodiment 
the vibration regulating part in which displacement is 
regulated toward the end is formed by gradually 
increasing the thickness of the piezoelectric film. 
[0058] A twenty-fourth embodiment of the present 
invention relates to an ink-jet recording head based 
upon any of the nineteenth to twenty-third embodiments 
and characterized in that the above diaphragm is com- 
posed of the above elastic film and a lower electrode 
provided on the elastic film, the above arm is essentially 
composed of only the elastic film, the above vibration 
regulating part is further provided with the above lower 
electrode and the variation of the thickness of the vibra- 
tion regulating part is equivalent to the variation of the 
thickness of the lower electrode. 
[0059] According to such a twenty-fourth embodiment 
the vibration regulating part in which displacement is 
regulated toward the end is formed by gradually 
increasing the thickness of the lower electrode. 
[0080] A twenty-fifth embodiment of the present inven- 
tion relates to an ink-jet recording head based upon any 
of the first to twenty-fourth embodiments and character- 
ized in that a piezoelectric layer and an upper electrode 
constituting the above piezoelectric active part are con- 
tinuously provided from the end in the longitudinal direc- 



tion of the piezoelectric active part to an area opposite 
to the peripheral wall of the above pressure generating 
chamber and constitute a connecting part, and the 
above vibration regulating part is provided at least in the 
s vicinity of the above connecting part of the pressure 
generating chamber. 

[0061] According to such a twenty-fifth embodiment, 
displacement in the vicinity of the connecting part is reg- 
ulated by the vibration regulating part and breaking in 

10 the vicinity of the connecting part is prevented. 

[0062] A twenty-sixth embodiment of the present 
invention relates to an ink-jet recording head based 
upon the twenty-fifth embodiment and characterized in 
that the above connecting part is provided at the end in 

15 the longitudinal direction of the above pressure generat- 
ing chamber. 

[0063] According to such a twenty-sixth embodiment, 
breaking in the vicinity of the end in the longitudinal 
direction of the pressure generating chamber is pre- 

20 vented by the vibration regulating part. 

[0064] A twenty-seventh embodiment of the present 
invention relates to an ink-jet recording head based 
upon any of the first to twenty-fifth embodiments and 
characterized in that the above piezoelectric active part 

25 is provided in an area opposite to the above pressure 
generating chamber apart from the peripheral wall and 
provided with a contact which is a connection between 
a lead electrode for applying voltage to the piezoelectric 
active part and the piezoelectric active part in an area 

30 opposite to the pressure generating chamber, and the 
above vibration regulating part is provided at least in the 
vicinity of the above contact of the pressure generating 
chamber. 

[0065] According to such a twenty-seventh embodi- 
es ment, breaking in the vicinity of the contact is prevented 
by the vibration regulating part. 
[0066] A twenty-eighth embodiment of the present 
invention relates to an ink-jet recording head based 
upon the twenty-seventh embodiment and character- 
40 ized in that the above contact is provided in the vicinity 
of the end in the longitudinal direction of the above pres- 
sure generating chamber. 

[0067] According to such a twenty-eighth embodi- 
ment, breaking at the end in the vicinity of the contact of 
45- the pressure generating chamber is prevented by the 
vibration regulating part. 

[0068] A twenty-ninth embodiment of the present 
invention relates to an ink-jet recording head based 
upon the twenty-seventh or twenty-eighth embodiment 
so and characterized in that an insulating layer is formed 
on the upper surface of the above piezoelectric active 
part and the above contact is formed in a contact hole 
formed in the insulating layer. 

[0069] According to such a twenty-ninth embodiment. 
55 breaking in the vicinity of the contact hole is prevented 
by the vibration regulating part. 
[0070] A thirtieth embodiment of the present invention 
relates to an ink-jet recording head based upon the first 
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or second embodiment and characterized in that the 
above piezoelectric layer and the abov upper electrode 
constituting the above piezoelectric active part are con- 
tinuously provided from the end in the longitudinal direc- 
tion of the piezoelectric active part to an area opposite 
to the peripheral wall of the above pressure generating 
chamber and constitute a connecting part, and the 
above vibration regulating part is a vibration regulating 
layer laminated at least on the piezoelectric active part 
in the vicinity of the following end on the side on which 
at least the above connecting part is provided at the end 
in the longitudinal direction of the pressure generating 
chamber for regulating the vibration of the above dia- 
phragm. 

[0071] According to such a thirtieth embodiment, the 
vibration of the diaphragm at the end of the piezoelectric 
active part or in the connecting part is regulated, and 
the peeling, a crack and others of the piezoelectric 
active part and a crack and others of the diaphragm are 
prevented. 

[0072] A thirty-first embodiment of the present inven- 
tion relates to an ink-jet recording head based upon the 
thirtieth embodiment and characterized in that an insu- 
lating layer laminated so that at least the vicinity of the 
end in the longitudinal direction of the above pressure 
generating chamber is covered constitutes the above 
vibration regulating layer. 

[0073] According to such a thirty-first embodiment, the 
peeling, a crack and others of the piezoelectric active 
part in the vicinity of the end in the longitudinal direction 
of the pressure generating chamber and a crack and 
others of the diaphragm are prevented by the insulating 
layer. 

[0074] A thirty-second embodiment of the present 
invention relates to an ink-jet recording head based 
upon the thirtieth or thirty-first embodiment and charac- 
terized in that a layer provided at least on the above 
connecting part of the above piezoelectric active part 
constitutes the above vibration regulating layer. 
[0075] According to such a thirty-second embodiment, 
the peeling, a crack and others of the piezoelectric 
active part in a part corresponding to the connecting 
part and a crack and others of the diaphragm are pre- 
vented. 

[0076] A thirty-third embodiment of the present inven- 
tion relates to an ink-jet recording head based upon the 
thirty-second embodiment and characterized in that the 
above vibration regulating layer is constituted by 
increasing the thickness of the above upper electrode, 
compared with the other part 

[0077] According to such a thirty-third embodiment 
vibration is regulated by increasing the thickness of the 
upper electrode, compared with the other part and the 
peeling, a crack and others of the piezoelectric active 
part and a crack and others of the diaphragm are pre- 
vented. 

[0078] A thirty-fourth embodiment of the present 
invention relates to an ink-jet recording head based 



upon any of the thirtieth to thirty-third emtxxfiments and 
characterized in that in the above connecting part, both 
the above piezoelectric layer and the above upper elec- 
trode are formed so that they are narrower than the 
s main part of the above piezoelectric active part. 

[0079] According to such a thirty-fourth embodiment, 
stress in the connecting part is reduced and breaking 
such as a crack is prevented. 

[0080] A thirty-fifth embodiment of the present inven- 

10 tion relates to an ink-jet recording head based upon any 
of the thirtieth to thirty-fourth embodiments and charac- 
terized in that in the above connecting part, only the 
above upper electrode is formed so that it is narrower 
than the main part of the above piezoelectric active part. 

75 [0081] According to such a thirty-fifth embodiment, 
stress in the connecting part is reduced, breaking such 
as a crack is prevented and durability is enhanced. 
[0082] A thirty-sixth embodiment of the present inven- 
tion relates to an ink-jet recording head based upon any 

20 of the thirtieth to thirty-fifth embodiments and character- 
ized in that a contact for connecting a lead electrode for 
applying voltage to the above piezoelectric active part 
and the above upper electrode is provided in a part 
opposite to the peripheral wall of the above pressure 

25 generating chamber. 

[0083] According to such a thirty-sixth embodiment, 
breaking such as a crack in the contact is prevented. 
[0084] A thirty-seventh embodiment of the present 
invention relates to an ink-jet recording head based 

30 upon any of the first to thirty-sixth embodiments and 
characterized in that the above pressure generating 
chamber is formed by anisotropically etching a silicon 
monocrystalline substrate and each layer of the above 
piezoelectric element is formed by a film forming 

35 method and lithography. 

[0085] According to such a thirty-seventh embodi- 
ment, the ink-jet recording head provided with nozzle 
apertures at high density can be relatively readily man- 
ufactured in large quantity. 

40 [0086] A thirty-eighth embodiment of the present 
invention relates to an ink-jet recording device charac- 
terized in that the ink-jet recording device is provided 
with the ink-jet recording head according to any of the 
first to thirty-seventh embodiments. 

45 [0087] According to such a thirty-eighth embodiment, 
the ink-jet recording device wherein the durability of the 
head is enhanced and the reliability is enhanced can be 
realized. 

so BRIEF DESCRIPTION OF THE DRAWINGS 
[0088] 

Fig. 1 is an exploded perspective view showing an 
55 ink-jet recording head equivalent to a first embodi- 
ment of the present invention; 
Figs. 2 show the ink-jet recording head equivalent 
to the first embodiment of the present invention and 
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are a plan of Fig. 1 and a sectional view; 

Figs. 3 show an example in which a sealing plate 

shown in Fig. 1 is transformed; 

Figs. 4 show a thin film manufacturing process in 

the first embodiment of th present invention; s 

Figs. 5 show the thin film manufacturing process in 

the first embodiment of the present invention; 

Figs. 6 are a plan and sectional views respectively 

showing the main part of the ink-jet recording head 

equivalent to the first embodiment of the present w 

invention; 

Figs. 7 show a process for forming an insulating 
layer in the first embodiment of the present inven- 
tion; 

Fig. 8 is a plan showing the main part of an ink-jet is 
recording head equivalent to a second embodiment 
of the present invention; 

Figs. 9 are a plan and a sectional view respectively 
showing the main part of an ink-jet recording head 
equivalent to a third embodiment of the present 20 
invention; 

Figs. 10 are a plan and sectional views respectively 
showing the main part of an ink-jet recording head 
equivalent to a fourth embodiment of the present 
invention; 25 
Figs. 1 1 are a plan and sectional views respectively 
showing the main part of an ink-jet recording head 
equivalent to a fifth embodiment of the present 
invention; 

Fig. 12 is a plan showing the main part of an ink-jet 30 
recording head equivalent to a sixth embodiment of 
the present invention; 

Figs. 1 3 are a plan and sectional views respectively 
showing the main part of an ink-jet recording head 
equivalent to a seventh embodiment of the present 35 
invention; 

Figs. 1 4 are a plan and sectional views respectively 
showing the main part of an ink-jet recording head 
equivalent to an eighth embodiment of the present 
invention; 40 
Fig. 1 5 is a plan showing the main part of an ink-jet 
recording head equivalent to a ninth embodiment of 
the present invention; 

Fig. 1 6 is a plan showing the main part of an ink-jet 
recording head equivalent to a tenth embodiment of 45 
the present invention; 

Figs. 1 7 are a plan and sectional views respectively 
showing the main part of an ink-jet recording head 
equivalent to an eleventh embodiment of the 
present invention; so 
Figs. 18 are plans of the main part respectively for 
explaining a thin film manufacturing pattern in the 
eleventh embodment of the present invention; 
Figs. 19 are plans of the main part respectively for 
explaining another thin film manufacturing pattern 55 
in the eleventh embodiment of the present inven- 
tion; 

Fig. 20 is a plan showing the main part of an ink-jet 



recording head equivalent to a twelfth embodiment 
of the present invention; 

Figs. 21 are a plan and a sectional view respec- 
tively showing the main part of an ink-jet recording 
head equivalent to a thirteenth embodiment of the 
present invention; 

Figs. 22 are a plan and a sectional view respec- 
tively showing the main part of an ink-jet recording 
head equivalent to a fourteenth embodiment of the 
present invention; 

Figs. 23 are plans respectively showing the main 
part of an ink-jet recording head equivalent to a fif- 
teenth embodiment of the present invention; 
Figs. 24 are a plan and a sectional view respec- 
tively showing the main part of an ink-jet recording 
head equivalent to a sixteenth embodiment of the 
present invention; 

Fig. 25 is a plan showing the main part of an ink-jet 
recording head equivalent to a seventeenth embod- 
iment of the present invention; 
Fig. 26 is a plan showing the main part of an ink-jet 
recording head equivalent to an eighteenth embod- 
iment of the present invention; 
Fig. 27 is a plan showing the main part of an ink-jet 
recording head equivalent to a nineteenth embodi- 
ment of the present invention; 
Fig. 28 is an exploded perspective view showing an 
ink-jet recording head equivalent to the other 
embodiment of the present invention; 
Fig.- 29 is a sectional view showing the ink-jet 
recording head equivalent to the other embodiment 
of the present invention; and 
Fig. 30 is a schematic drawing showing an ink-jet 
recording device equivalent to an embodiment of 
the present invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0089] The present invention will be described in detail 
based upon embodiments below. 

First Embodiment 

[0090] Fig. 1 is an exploded perspective view showing 
an ink-jet recording head equivalent to a first embodi- 
ment of the present invention and Figs. 2 show a plan 
and the sectional structure in the longitudinal direction 
of one pressure generating chamber. 
[0091 ] As shown in these drawings, a passage form- 
ing substrate 10 is composed of a silicon monocrystai- 
line substrate with the face orientation of (110) in this 
embodiment For the passage forming substrate 10, 
normally, a substrate with the thickness of approxi- 
mately 1 50 to 300 11m is used, and desirably, a substrate 
with the thickness of approximately 180 to 280 um and 
preferably, a substrate with the thickness of approxi- 
mately 220 }im are suitable. This is because arrange- 
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ment density can be enhanced, keeping the rigidity of a 
partition between adjacent pressure generating cham- 
bers. 

[0092] One face of the passage forming substrate 1 0 
is open and an elastic film 50 with the thickness of 1 to s 
2 um composed of silicon dioxide and formed by ther- 
mal oxidation beforehand is formed on the other surface 
f the passage forming substrate 10. 
[0093] In the meantime, a nozzle aperture 1 1 , a pres- 
sure generating chamber 12 are formed on the open w 
face of the passage forming substrate 10 by anisotropi- 
caily etching the silicon monocrystalline substrate. 
[0094] Anisotropic etching is executed utilizing a char- 
acter that when a silicon monocrystalline substrate is 
dipped in alkaline solution such as KOH. it is gradually is 
eroded, a first face (111) perpendicular to a face (110) 
and a second face (111) at an angle of approximately 
70° with the first face (111) and at an angle of approxi- 
mately 35° with the face (110) emerge and the etching 
rate of the face (1 1 1 ) is approximately 1/1 80, compared 20 
with the etching rate of the face (110). By such aniso- 
tropic etching, precise processing can be executed 
based upon the processing in the depth of a parallelo- 
gram formed by the two first faces (111) and the two 
diagonal second faces (111) and the pressure generat- 25 
ing chambers 12 can be arranged in high density. 
[0095] In this embodiment, the longer side of each 
pressure generating chamber 12 is formed by the first 
face (1 1 1) and the shorter side is formed by the second 
face (111). The pressure generating chamber 12 is 30 
formed by etching the passage forming substrate up to 
the elastic film 50 approximately through the passage 
forming substrate 10. The elastic film 50 is eroded in 
extremely small quantity in alkaline solution for etching 
the silicon monocrystalline substrate. 35 
[0096] In the meantime, each nozzle aperture 1 1 com- 
municating with one end of each pressure generating 
chamber 12 is formed so that it is narrower and shal- 
lower than the pressure generating chamber 1 2. That is, 
the nozzle aperture 1 1 is formed by etching halfway in ao 
the direction of the thickness of the silicon monocrystal- 
line substrate (half -etching). Half-etching is executed by 
adjusting etching time. 

[0097] The size of the pressure generating chamber 
1 2 for applying pressure for jetting an ink droplet to ink 45 
and the size of the nozzle aperture 1 1 for jetting an ink 
droplet are optimized according to the quantity of ink 
droplets to be jetted, jetting speed and a jetting fre- 
quency. For example, il 360 ink droplets are recorded 
per inch, the nozzle aperture 1 1 is required to be formed so 
precisely so that it is a few tens urn wide. 
[0098] Each pressure generating chamber 12 and a 
common ink chamber 31 described later communicate 
via an ink supply communicating port 21 respectively 
formed in a position corresponding to one end of each 55 
pressure generating chamber 12 of a sealing plate 20 
described later, ink is supplied from the common ink 
chamber 31 via the ink supply communicating port 21 
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and distributed to each pressure generating chamber 
12. 

[0099] The sealing plate 20 is composed of glass 
ceramics through which the above ink supply communi- 
cating port 21 corresponding to each pressur generat- 
ing chamber 1 2 is made, the thickn ss of which is 0.1 1 
1 mm for example and the coefficient of linear expan- 
sion of which is 2.5 to 4.5 [x 10" 6 /°C] at 300 °C or less 
for example. The ink supply communicating port 21 may 
be also one slit 21 A or plural slits 21 B which respec- 
tively cross the vicinity of the end on the side of ink sup- 
ply of each pressure generating chamber 12 as shown 
in Figs, 3 (a) and 3 (b). One surface of the sealing plate 
20 covers one surface of the passage forming substrate 
10 overall and the sealing plate also functions as a rein- 
forcing plate for protecting the silicon monocrystalline 
substrate from shock and external force. The other sur- 
face of the sealing plate 20 constitutes one wall of the 
common ink chamber 31 . 

[0100] A common ink chamber forming substrate 30 
forms the peripheral walls of the common ink chamber 
31 and is produced by punching a stainless steel plate 
with suitable thickness according to the number of noz- 
zle apertures and an ink droplet jetting frequency. In this 
embodiment, the thickness of the common ink chamber 
forming substrate 30 is set to 0.2 mm. 
[01 01 ] An ink chamber side plate 40 is composed of a 
stainless steel substrate and one surface constitutes 
one wall of the common ink chamber 31. In the ink 
chamber side plate 40, a thin wall 41 is formed by form- 
ing a concave portion 40a by applying half-etching to a 
part of the other surface and further, an ink inlet 42 
through which ink is supplied from the outside is formed 
by punching. The thin wall 41 is formed to absorb pres- 
sure to the reverse side to the nozzle aperture 1 1 which 
is generated when an ink droplet is jetted and prevents 
unnecessary positive or negative pressure from being 
applied to another pressure generating chamber 12 via 
the common ink chamber 31. In this embodiment, in 
view of rigidity required when the ink inlet 42 and exter- 
nal ink supply means are connected and others, the 
thickness of the ink chamber side plate 40 is set to 0.2 
mm and the thin wall 41 0.02 mm thick is formed in a 
part, however, the thickness of the ink chamber side 
plate 40 may be also set to 0.02 mm from the beginning 
to omit the formation of the thin wall 41 by half-etching. 
[01 02] In the meantime, a lower electrode film 60 with 
the thickness of approximately 0.5 urn for example, a 
piezoelectric film 70 with the thickness of approximately 
1 um for example and an upper electrode film 80 with 
the thickness of approximately 0.1 for example are 
laminated on the elastic film 50 on the reverse side to 
the open face of the passage forming substrate 10 in a 
process described later and constitute a piezoelectric 
element 300. The piezoelectric element 300 includes 
the lower electrode film 60, the piezoelectric film 70 and 
the upper electrode film 80. Generally, either electrode 
of the piezoelectric element 300 is used as a common 
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electrode, and the other electrode and the piezoelectric 
film 70 are constituted by patterning them every pres- 
sure generating chamber 12. A part which is composed 
of either electrode and the piezoelectric film 70 respec- 
tively patterned and in which piezoelectric distortion is 
caused by applying voltage to both electrodes is called 
a piezoelectric active part 320. In this embodiment, the 
lower electrode film 60 functions as a common elec- 
trode of the piezoelectric element 300 and the upper 
electrode film 80 functions as an individual electrode of 
the piezoelectric element 300, however, even if these 
are reversed for the convenience of a driving circuit and 
wiring, no problem occurs. In any case, the piezoelectric 
active part is formed every pressure generating cham- 
ber. Here, the piezoelectric element 300 and a dia- 
phragm displaced by driving the piezoelectric element 
300 are called a piezoelectric actuator as a whole. In the 
above example, the elastic film 50 and the lower elec- 
trode film 60 act as a diaphragm, however, the lower 
electrode film may also function as the elastic film. 
[0103] An insulating layer 90 provided with insulation 
is formed at least at the edge of the upper surface of 
each upper electrode film 80 and on the side of the pie- 
zoelectric film 70. H is desirable that the insulating layer 
90 is formed by a film forming method or formed by 
material which can be reshaped by etching, for example 
silicon oxide, silicon nitride and organic material, desir- 
ably photosensitive polyimide the rigidity of which is low 
and which is excellent in insulation ... 
[0104] A contact hole 90a for exposing a part of the 
upper electrode film 80 to connect to a lead electrode 
100 described later is formed in a part of the insulating 
layer 90 covering the upper surface of a part corre- 
sponding to one end of each upper electrode film 80. 
The lead electrode 1 00 one end of which is connected 
to each upper electrode film 80 via the contact hole 90a 
and the other end of which is extended to a connecting 
terminal is formed. The lead electrode 100 is formed so 
that it is as narrow as possible to the extent that a driv- 
ing signal can be securely supplied to the upper elec- 
trode film 80. 

[0105] Referring to Figs. 4, a process for forming the 
piezoelectric film 70 and others over the passage form- 
ing substrate 10 composed of a silicon monocrystalline 
substrate will be described below. 
[0106] As shown in Fig. 4 (a), first, a wafer of a silicon 
monocrystalline substrate to be the passage forming 
substrate 10 is thermally oxidized in a diffusion furnace 
heated approximately at 1 1 00°C and the elastic film 50 
composed of silicon dioxide is formed. 
[0107] Next, as shown in Fig. 4 (b), the lower electrode 
film 60 is formed by sputtering. For the material of the 
lower electrode film 60, platinum (Pt) is suitable. This is 
because the piezoelectric film 70 formed by sputtering 
and so-gel transformation and described later is 
required to be crystallized by burning the formed piezo- 
electric film at the temperature of approximately 600 to 
1 000°C under the atmosphere of the air or oxygen. That 



is, the material of the lower electrode film 60 is required 
to keep conductivity under such high-temperature and 
oxidizing atmosphere, it is desirable that particularly, if 
lead zirconate titanate (PZT) is used for the piezoelec- 

5 trie film 70, conductivity is hardly varied by the diffusion 
of PbO and Pt is suitable for these reasons. 
[0108] Next, as shown in Fig. 4 (c), the piezoelectric 
film 70 is formed. Sputtering may be also used for form- 
ing the piezoelectric film 70, however, in this embodi- 

w merit, so-called sol-gel transformation wherein so- 
called sol in which a metallic organic substance is dis- 
solved and dispersed in a solvent is applied, dried and 
gels and further, the piezoelectric film 70 composed of 
metallic oxide is obtained by burning it at high tempera- 

is ture is used. For the material of the piezoelectric film 70, 
PZT is desirable if it is used for an ink-jet recording 
head. 

[0109] Next, as shown in Fig. 4 (d), the upper elec- 
trode film 80 is formed. The material of the upper elec- 

20 trode film 80 has only to be very conductive material 
and many metals such as Al, Au, Ni and Pt, conductive 
oxide and others can be used. In this embodiment, the 
upper electrode film is formed using Pt by sputtering. 
[0110] Next, as shown in Figs. 5, the lower electrode 

25 film 60, the piezoelectric film 70 and the upper electrode 
film 80 are patterned. 

[01 11 ] First, as shown in Fig. 5 (a), the lower electrode 
film 60, the piezoelectric film 70 and the upper electrode 
film 80 are etched together and patterned in accord- 

30 ance with the whole pattern of the lower electrode film 
60. Next, as shown in Fig. 5 (b), only the piezoelectric 
film 70 and the upper electrode film 80 are etched and 
the piezoelectric active part 320 is patterned. Next, as 
shown in Fig. 5 (c), a lower electrode film removed part 

35 350 is formed by removing the lower electrode film 60 in 
a part equivalent to the arm of the diaphragm on both 
sides of the piezoelectric active part 320 which is an 
area opposite to each pressure generating chamber 12 
(Figs. 5 show a state before the pressure generating 

40 chamber 12 is formed and ft is shown by a broken line). 
As described above, as the lower electrode film 
removed part 350 is provided, displaced quantity can be 
increased by applying voltage to the piezoelectric active 
part 320. 

45 [0H2] As described above, patterning is completed 
by first forming the whole pattern of the lower electrode 
film 60, next patterning the piezoelectric active part 320 
and finally patterning the lower electrode film removed 
part 350. 

so [0113] Figs. 6 show planar positional relationship 
between the piezoelectric active part 320 and the lower 
electrode film removed part 350 respectively formed as 
described above. 

[0114] As shown in Fig. 6 (a), the piezoelectric active 
55 part 320 composed of the piezoelectric film 70 and the 
upper electrode film 80 is provided in an area opposite 
to the pressure generating chamber 12 and the lower 
electrode film removed part 350 is provided next to both 
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sides in the direction of the width of the piezoelectric 
active part 320. A part in which the lower electrode film 
removed part 350 is provided is a part called the arm of 
the diaphragm, is a part opposite to the vicinity of the 
edge on both sides in the direction of the width of the 
pressure generating chamber 12 and the lower elec- 
trode film 60 on both sides of the piezoelectric active 
part 320 is removed as shown in a section viewed along 
a line B-B* in Fig. 6 (b). In this embodiment, the lower 
electrode film removed part 350 is formed except a part 
adjacent to both ends of the piezoelectric active part 
320. Therefore, in an area opposite to both ends in the 
longitudinal direction of the pressure generating cham- 
ber 12, the lower electrode film 60 exists on both sides 
in the direction of the width of and outside in the longitu- 
dinal direction both ends of the piezoelectric active part 
320 as shown in a section viewed along a line C-C in 
Fig. 6 (c), forms a thick part 360 the thickness of which 
is relatively thick and functions as a vibration regulating 
part for partially regulating the vibration of the dia- 
phragm. 

[01 15] As the vibration by the application of voltage of 
the diaphragm is regulated, displaced quantity is rela- 
tively reduced only in the vicinity of both ends of the pie- 
zoelectric active part 320 and displaced quantity at the 
end can be inhibited without greatly deteriorating the 
whole displaced quantity owing to such structure, peel- 
ing, a crack and others at the end of the piezoelectric 
active part 320 can be prevented. The thick part 360 
may be also provided at one end of the pressure gener- 
ating chamber 12. 

[0116] In this embodiment, the tower electrode film 
removed part 350 is formed by completely removing the 
lower electrode film 60, however, as shown in Fig. 6 (d), 
a lower electrode film removed part 350A may be also 
formed by removing a part in the thickness of the lower 
electrode film 60 by half -etching and others. In this 
case, no elastic film 50 is formed and the lower elec- 
trode film 60 may also function as an elastic body and a 
lower electrode. 

[0117] As described above, after the lower electrode 
film 60 and others are patterned, desirably, the insulat- 
ing layer 90 provided with insulation is formed so that it 
covers at least the edge of the upper surface of each 
upper electrode film 80 and the sides of the piezoelec- 
tric film 70 and the lower electrode film 60 (see Fig. 1 ). 
[0118] Next, the contact hole 90a for exposing a part 
of the upper electrode film 80 to connect to the lead 
electrode 100 described later is formed in a part of a 
part covering the upper surface of a part corresponding 
t one end of each piezoelectric active part 320 of the 
insulating layer 90. The lead electrode 100 one end of 
which is connected to each upper electrode film 80 via 
the contact hole 90a and the other end of which is 
extended to a connecting terminal is formed. The lead 
electrode 100 is formed so that it is as narrow as possi- 
ble to the extent that a driving signal can be securely 
supplied to the upper electrode film 80. 



[0119] Figs. 7 show a process for forming such an 
insulating layer. 

[0120] First, as shown in Fig. 7 (a), the insulating lay r 
90 is formed so that the edge of the upper electrode f flm 

5 80 and the respective sides of the piezoelectric film 70 
and th low r electrode film 60 are covered. The suita- 
ble material of the insulating layer 90 is described 
above, however, in this embodiment, negative photo- 
sensitive potyimide is used. 

w [0121] Next, as shown in Fig. 7 (b), the contact hole 
90a is formed in a part corresponding to the vicinity of 
the end on the side of ink supply of each pressure gen- 
erating chamber 12 by patterning the insulating layer 
90. The contact hole 90a has only to be provided to a 

is part corresponding to the piezoelectric active part 320 
and for example, may be also provided in the center and 
at the end on the side of a nozzle. 
[01 22] Next, the lead electrode 1 00 is formed by pat- 
terning after conductive material such as Cr-Au is 

20 formed on the overall surface. 

[01 23] The above is the film forming process. After the 
film is formed as described above, the anisotropic etch- 
ing of the silicon monocrystalline substrate is executed 
using the above alkaline solution as shown in Fig. 7 (c) 

25 and the pressure generating chamber 1 2 and others are 
formed. In the above series of the formation of films and 
anisotropic etching, multiple chips are simultaneously 
formed on one wafer and after a process is finished, the 
one wafer is divided every passage forming substrate 

30 10 in one chip size shown in Fig. 1. The sealing plate 
20, the common ink chamber forming substrate 30 and 
the ink chamber side plate 40 are sequentially bonded 
to the divided passage forming substrate 10 and inte- 
grated to be an ink-jet recording head. 

35 [0124] In the ink-jet recording head constituted as 
described above, ink is taken in from the ink inlet 42 
connected to external ink supply means not shown, 
after the inside from the common ink chamber 31 to the 
nozzle aperture 1 1 is filled with ink, voltage is applied 

40 between the lower electrode film 60 and the upper elec- 
trode film 80 via the lead electrode 100 according to a 
recording signal from an external driving circuit not 
shown, pressure in the pressure generating chamber 12 
is increased by flexuously deforming the elastic film 50, 

45 the lower electrode film 60 and the piezoelectric film 70 
and an ink droplet is jetted from the nozzle aperture 1 1 . 

Second Embodiment 

so [01 25] Fig. 8 shows each shape of a piezoelectric 
active part and a pressure generating chamber of an 
ink-jet recording head equivalent to a second embodi- 
ment. 

[0126] In the above embodiment, the piezoelectric 
55 active part 320 is formed in an area opposite to the 
pressure generating chamber 12 apart from over the 
peripheral wall of the pressure generating chamber 12, 
however, this embodiment is the same as the first 
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embodiment except that a piezoelectric film 70 and an 
upper electrode 80 constituting a piezoelectric active 
part 320 are continuously extended up to over a periph- 
eral wall and constitute a connecting part 321. A thick 
part 360A composed of a lower electrode film 60 which 5 
is relatively thick is provided on both sides in the direc- 
tion of the width of the piezoelectric active part 320 and 
the connecting part 321 at the end of a pressure gener- 
ating chamber 12 in the vicinity of the connecting part 
321 . In this case, the vicinity of an area D shown in Fig. w 
8 functions as a vibration regulating part That is, a sec- 
tion viewed along a line E-E' and a section viewed along 
a line F-P are respectively similar to sectional views in 
Figs. 6 (b) and 6 (c). a lower electrode film removed part 
350 is formed on both sides of the piezoelectric active is 
part 320, the lower electrode film 60 is formed on both 
sides at the end of the piezoelectric active part 320 and 
constitutes the thick part 360A. 
[01 27] In such constitution, as deflection is slowly gen- 
erated in the pressure generating chamber 12 when a 20 
piezoelectric element is driven and toward the pressure 
generating chamber from a boundary with its peripheral 
wall, the stress of the piezoelectric active part 320 
located in the vibration regulating part is reduced, 
breaking such as a crack is prevented and durability is 25 
enhanced. To produce such an effect, it is desirable that 
the length of the vibration regulating part, that is, dis- 
tance (the area D in Fig. 8) from the end of the lower 
electrode film removed part 350 to the end of the pres- 
sure generating chamber 12 in this embodiment is 1/2 30 
of the width of the pressure generating chamber 12 or 
more. 

Third Embodiment 

35 

[0128] Figs. 9 show each shape of a piezoelectric 
active part and a pressure generating chamber of an 
ink-jet recording head equivalent to a third embodiment 
of the present invention. 

[0129] This embodiment is the same as the first 40 
embodiment except that a lower electrode film removed 
part 350 B is formed not up to both ends of the piezoe- 
lectric active part 320 but up to the outside in the longi- 
tudinal direction. Therefore, at the end of the pressure 
generating chamber 12, a part held between the lower 45 
electrode film removed parts 350B is a thick part 360B. ' 
[0130] Therefore, owing to such structure, vibration 
due to the application of voltage is regulated only in the 
vicinity of both ends of the piezoelectric active part 320 
as in the first embodiment, displaced quantity is rela- so 
tively reduced, displaced quantity at the end can be 
inhibited without greatly reducing displaced quantity as 
a whole and peeling, a crack and others at the end of 
the piezoelectric active part 320 can be prevented. The 
thick part 360 B may be also provided at one end of the ss 
pressure generating chamber 12. 



Fourth Embodiment 

[0131] Figs. 10 show each shape of a piezoelectric 
active part and a pressure generating chamber of an 
ink-jet recording head equivalent to a fourth embodi- 
ment of the present invention. 

[0132] This embodiment is different from the above 
embodiments and a lower electrode film removed part 
350 C is provided in the shape of reverse C along three 
edges except one end of the pressure generating cham- 
ber 12. Further, a piezoelectric film 70 and an upper 
electrode 80 constituting the piezoelectric active part 
320 are continuously extended up to over a peripheral 
wall from one end at which the lower electrode film 
removed part 350C is not provided, however, a part 
extended from over the vicinity of the peripheral wall up 
to over the peripheral wall is not mere a thick part but an 
inactive piezoelectric active part 325. 
[0133] The inactive piezoelectric active part 325 has 
structure composed of only a lower electrode film 60 
and the piezoelectric film 70 as shown in a section 
viewed along a line H-H' in Fig. 10 (b) wherein the upper 
electrode 80 is removed. Therefore, even rf voltage is 
applied to the piezoelectric active part 320, the inactive 
piezoelectric active part is not driven. 
[0134] Owing to such structure, vibration due to the 
application of voltage is regulated in only the vicinity of 
the inactive piezoelectric active part 325, displaced 
quantity is relatively reduced, displaced quantity at the 
end can be inhibited without greatly reducing displaced 
quantity as a whole and peeling, a crack and others at 
the end of the piezoelectric active part 320 can be pre- 
vented. The inactive piezoelectric active part 325 may 
be also provided at both ends of the pressure generat- 
ing chamber 12. 

[0135] As shown in Fig. 10 (c), an inactive piezoelec- 
tric active part 325A may be also formed by providing an 
insulating layer 326 between the piezoelectric film 70 
and the upper electrode film 80. 

Fifth Embodiment 

[0136] Figs. 11 show each shape of a piezoelectric 
active part and a pressure generating chamber of an 
ink-jet recording head equivalent to a fifth embodiment 
of the present invention. 

[0137] This embodiment is the same as the first 
embodiment except that the thick part 95 of an insulat- 
ing layer 90 is provided as a vibration regulating part in 
place of the thick part 360 in the first embodiment. 
[01 38] - That is, in a part except both ends of the piezo- 
electric active part 320, the insulating layer 90 with nor- 
mal thickness is provided on an upper electrode film 80 
as shown in a section viewed along a line 1-1' in Fig. 1 1 
(b), however, at both ends, a thick insulating layer 95 is 
provided on the upper electrode film 80 as shown in a 
section viewed along a line J^J* in Fig. 1 1 (c). 
[0139] Therefore, when voltage is applied to the pie- 
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zoelectric active part 320 and it is driven, vfcration is 
regulated only at both ends, displaced quantity is rela- 
tively reduced in only the vicinity of the part displaced 
quantity at the end can be inhibited without greatly 
reducing displaced quantity as a whole and peeling, a 5 
crack and others at the end of the piezoelectric activ 
part 320 can be prevented. 

[0140] The thick insulating layer 95 may be also pro- 
vided at only one end ol the pressure generating cham- 
ber 12. The thick insulating layer 95 has only to be 10 
relatively thickened, compared with the other part and 
for example, another layer may be also provided on the 
insulating layer 90. 

Sixth Embodiment 15 

[0141] Fig. 12 shows each shape of a piezoelectric 
active part and a pressure generating chamber of an 
ink-jet recording head equivalent to a sixth embodiment 
of the present invention. 20 
[0142] This embodiment is the same as the first 
embodiment except that the thick part 360C of a lower 
electrode film 60 is provided on both sides of approxi- 
mately the center in the longitudinal direction of the pie- 
zoelectric active part 320 and a lower electrode film 25 
removed part 3 500 in the shape of reverse C is formed 
along the edge of the pressure generating chamber 12 
except the above center. 

[0143] Therefore, owing to such structure, as in the 
first embodiment, as vibration by the application of volt- 30 
age is regulated so that it does not exceed the required . 
quantity in approximately the center of the piezoelectric 
active part 320, peeling, a crack and others at the end of 
the piezoelectric active part 320 can be prevented with- 
out greatly reducing displaced quantity as a whole. 35 

Seventh Embodiment - 

[0144] Figs. 13 are a plan showing a main part in a 
seventh embodiment and the sectional view. Basic con- 40 
stitution in this embodiment resembles that in the sec- 
ond embodiment and a connecting part 321 in which a 
piezoelectric film 70 and an upper electrode 80 consti- 
tuting a piezoelectric active part 320 are continuously 
extended from over one end in the longitudinal direction 45 
of a pressure generating chamber 12 up to over its 
peripheral wall is provided. 

[0145] As shown in Fig. 13 (a), the piezoelectric active 
part 320 composed of the piezoelectric film 70 and the 
upper electrode film 80 is basically provided in an area so 
opposite to the pressure generating chamber 12 and 
formed so that the piezoelectric active part has slightly 
narrower width than the width of the pressure generat- 
ing chamber 12. At one end of the pressure generating 
chamber 12, the piezoelectric film 70 and the upper 55 
electrode film 80 are continuously extended from an 
area opposite to the pressure generating chamber 12 to 
an area opposite to the peripheral wall and the vicinity of 
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a boundary between the area opposite to the pressure 
generating chamber 12 and the area opposite to the 
peripheral wall is the connecting part 321. 
[0146] In this embodiment, both ends in the longitudi- 
nal directi n of the pi zoelectric active part 320 and the 
whole connecting part 321 are covered with an insulat- 
ing layer 90. The insulating layer 90 with normal thick- 
ness is formed on the piezoelectric active part 320 in 
the area opposite to the pressure generating chamber 
12 as shown in a section viewed along a line K-K* in Fig. 
- 13 (b), however, a thick insulating layer 95 thicker than 
the insulating layer with normal thickness is formed on 
both ends of the piezoelectric active part 320 and the 
connecting part 321 as shown in a section viewed along 
a line L-L' in Fig. 13 (c) so as to function as a vibration 
regulating layer 325 for regulating the vibration of a dia- 
phragm. A contact hole 90a for connecting a lead elec- 
trode 100 and the upper electrode film 80 is formed in 
the thick insulating layer 95 in a position corresponding 
to the piezoelectric film 70 and the upper electrode film 
80 and continuously extended by the connecting part 
321. 

. [0147] As described above, a part opposite to the 
vicinity of a boundary with the peripheral wall on both 
sides in the direction of the width of the pressure gener-" 
ating chamber 12 and on both sides of the piezoelectric 
active part 320, that is, a lower electrode film 60 in a 
part equivalent to the arm of a diaphragm is removed 
and a lower electrode film removed part 350 is formed. 
[0148] Owing to such constitution, when voltage is 
applied to the piezoelectric active part 320 to drive the 
part, driving only at both ends and in the connecting 
part 321 is regulated, only in the vicinity of these parts, 
displaced quantity is relatively reduced, displaced quan- 
tity at the end can be inhibited without greatly reducing 
displaced quantity as a whole and peeling, a crack and 
others at the end of the piezoelectric active part 320 and 
a crack and others of the diaphragm can be prevented. 
[01 49] The thick insulating layer 95 is provided at both 
end of the piezoelectric active part 320 and on the con- 
necting part 321 in this embodiment, however, it may be 
also provided only on the side of the connecting part 
321. The thick insulating layer 95 has only to be rela- 
tively thicker than the other part Therefore, another 
layer may be also laminated on the insulating layer 90 
and the insulating layer with normai thickness may be 
also provided only in the thick insulating layer 95. 

Eighth Embodiment 

[01 50] Figs. 14 area plan and sectional views respec- 
tively showing the main part of an ink-jet recording head 
equivalent to an eighth embodiment of the present 
invention. 

[0151] This embodiment is the same as the seventh 
embodiment except that a thick part 85 thicker than an 
upper electrode film 80 in the other part is formed on a 
piezoelectric film 70 in an area opposite to the boundary 
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and the peripheral wail of a pressure generating cham- 
ber 12 as a vibration regulating layer 325A and in an 
area opposite to the area of the pressure generating 
chamber 12, the vibration of a diaphragm is regulated. 
[0152] As shown in Fig. 14 (a), a piezoelectric active 
part 320 is basically provided in an area opposite to the 
pressure generating chamber 12 as in the seventh 
embodiment, at one end of the pressure generating 
chamber 12, the piezoelectric film 70 and the upper 
electrode film 80 are continuously extended from an 
area opposite to the pressure generating chamber 1 2 to 
an area opposite to the peripheral wall and constitute a 
connecting part 321 . An insulating layer 90 is formed on 
the piezoelectric active part 320 and the connecting part 
321 and a contact hole 90a for connecting a lead elec- 
trode 100 and the upper electrode film 80 is formed in 
the insulating layer 90 in an area opposite to the periph- 
eral wall. A lower electrode film 60 in a part equivalent 
to the arm of a diaphragm is removed and a lower elec- 
trode film removed part 350 is formed. 
[01 53] The upper electrode film 80 is formed so that it 
has normal thickness in an area opposite to the pres- 
sure generating chamber 12 as shown in a section 
viewed along a line M-M' in Fig. 14 (b), however, in the 
connecting part 321 and the area opposite to the 
peripheral wall, the upper electrode film becomes the 
thick part 85 thicker than in the other part as shown in a 
section viewed along a line N-N' in Fig. 14 (c) and con- 
stitutes the vibration regulating layer 325A. 
[01 54] Owing to such constitution, the similar effect to 
that in the seventh embodiment can be produced. 
[01 55] The thick part 85 is formed on the piezoelectric 
film 70 in the connecting part 321 and the area opposite 
to the peripheral wall in this embodiment, however, if the 
thick part is formed on the piezoelectric film 70 at least 
in the connecting part 321, the similar effect can be 
obtained. 

[0156] The thick insulating layer 95 described in the 
seventh embodiment may be further provided to consti- 
tution in this embodiment and hereby, further remarka- 
ble effect is produced. 

Ninth Embodiment 

[01 57] Fig. 1 5 shows the pattern form of a piezoelec- 
tric active part and others in the vicinity of a pressure 
generating chamber of an ink-jet recording head equiv- 
alent to a ninth embodiment of the present invention. 
[0158] This embodiment is the same as the seventh 
embodiment except that a connecting part 322 which is 
a part that a piezoelectric film 70 and an upper elec- 
trode film 80 constituting the piezoelectric active part 
320 cross from an area opposite to the pressure gener- 
ating chamber 12 to an area opposite to its peripheral 
wall is narrower than the other part as shown in Fig. 15. 
In the connecting part 322 in this embodiment, both the 
piezoelectric film 70 and the upper electrode film 80 are 
formed so that they are narrow. 



[01 59] Owing to such constitution, as the vibration of 
a diaphragm is inhibited in the connecting part 322 and 
the area opposite to the peripheral wall because of an 
insulating layer thick part 95 when th piezoelectric 

s active part 320 is driven and in addition, deflection is 
slowly generated in the pressure generating chamber 
12 and from a boundary with the peripheral wall toward 
the pressure generating chamber 12, stress in the con- 
necting part 322 is reduced, breaking such as a crack is 

w prevented and durability is enhanced. 

Tenth Embodiment 

[0160] Fig. 16 shows the pattern form of a piezoelec- 
is trie active part and others in the vicinity of a pressure 
generating chamber of an ink-jet recording head equiv- 
alent to a tenth embodiment of the present invention. 
[0161] This embodiment is the same as the ninth 
embodiment except that only an upper electrode film 80 
20 is formed so that it is narrow in the vicinity of a connect- 
ing part 323 as shown in Fig. 1 6 and a piezoelectric film 
70 has the same thickness as the other part 
[0162] According to such constitution, the similar 
effect to that in the ninth embodiment can be also pro- 
25 duced. 

Eleventh Embodiment 

[0163] Figs. 17 show planar positional relationship 

30 between a piezoelectric active part 320 and a lower 
electrode film removed part 350 respectively in the 
vicinity of a pressure generating chamber of an ink-jet 
recording head equivalent to an eleventh embodiment 
of the present invention. As basic structure in this 

35 embodiment is similar to that in the first embodiment, 
the same reference number is allocated to a member 
showing the same action and the description is omitted. 
[01 64] As shown in Fig. 17 (a), the piezoelectric active 
part 320 composed of a piezoelectric film 70 and an 

40 upper electrode film 80 is provided in an area opposite 
to a pressure generating chamber 12 apart from its 
peripheral wall and the lower electrode film removed 
part 350 is provided next to both sides in the direction of 
the width of the piezoelectric active part 320. A part in 

45 which the lower electrode film removed part 350 is pro- 
vided is a part called an arm, is a part opposite to the 
vicinity of the edge along both sides in the direction of 
the width of the pressure generating chamber 1 2 and as 
shown in Fig. 17 (b) which is a section viewed along a 

so line O-O' in Fig. 1 7 (a), a lower electrode film 60 on both 
sides of the piezoelectric active part 320 is removed. 
Therefore, a diaphragm in the lower electrode film 
removed part 350 is composed of only an elastic film 50 
and the thickness is relatively reduced, compared with 

55 the thickness of the other area so that the diaphragm is 
readily deformed. Needless to say, the lower electrode 
film removed part 350 may be also formed by removing 
only a part in the direction of the thickness of the lower 
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electrode film 60 by half-etching and others and a part 
in the direction of the thickness of the elastic film 50 may 
be also removed. 

[0165] In this embodiment, in the lower electrode film 
removed part 350, a vibration regulating part 355 which s 
gradually becomes narrower and gradually becomes 
thicker respectively toward the end is formed over the 
vicinity of the end over which a contact hole 90a is 
formed of the pressure generating chamber 12 as 
shown in Fig. 17 (a), Fig. 17 (c) which rs a section 
viewed along a line p-p' and Fig. 17 (d) which is a sec- 
tion viewed along a line G-Q\ Therefore, the diaphragm 
on the part in the vicinity of the end is harder to be 
deformed than the other lower electrode film removed 
part 350. 

[0166] Such a vibration regulating part 355 can be 
formed by patterning the lower electrode film 60 in a 
step shown in Fig. 5 (c) using a pattern shown in Fig. 18 
(a) for example. In this pattern, an opening 450 is 
formed in a position opposite to each piezoelectric 
active part 320, on the side of one end, a narrow part 
450a extended in parallel with the pressure generating 
chamber 12, that is, narrowed toward both corners in a 
position corresponding to the arm of the piezoelectric 
active part 320 is formed and thicker resist is left in a 
narrower part. Hereby, the vibration regulating part 355 
which gradually becomes narrower and gradually 
becomes thicker respectively toward the end as 
described above is formed. In a thick part at the end of 
the vibration regulating part 355, the lower electrode 
film 60 may be also slightly etched and in any case, the 
thickness has only to be gradually varied. 
[0167] Owing to structure provided with the vibration 
regulating part 355 as described above, as vibration by 
the application of voltage is regulated in only the vicinity 
of the end of the piezoelectric active part 320, displaced 
quantity is relatively reduced and displaced quantity at 
the end can be inhibited without greatly reducing dis- 
placed quantity as a whole, peeling, a crack and others 
at the end of the piezoelectric active part 320, a crack 
and others in the vicinity of the contact hole 90a can be 
prevented. 

[0168] In the above embodiments, a step shown in 
Fig. 5 (b) for patterning the piezoelectric active part 320 
and a step shown in Fig. 5 (c) for patterning the lower 
electrode film removed part 350 are executed sepa- 
rately, however, they can be continuously executed 
using the same resist film. That is, after the piezoelectric 
active part 320 is patterned using a pattern shown in 
Fig. 18 (b) for example, the lower electrode film 
removed part 350 may be also formed using the same 
pattern. 

[0169] A part between the piezoelectric active parts 
320 is not required to be ail the lower electrode film 
removed part 350 and for example, an intermediate part 
provided with the similar constitution of films to the pie- 
zoelectric active part 320 may be also formed between 
adjacent lower electrode film removed parts 350. In this 



case, the vibration regulating part 355 is formed as 
described later. 

[0170] First the intermediate part is patterned 
together with the piez electric active part 320 using a 
resist pattern shown in Fig. 19 (a) in the step shown in 
Fig. 5 (b). The resist pattern is provided with a mask 
part 425 for patterning the intermediate part between 
mask parts 420 for patterning each piezoelectric active 
part 320 and one end of the mask part 425 is formed in 
a wide shape so that the end approaches the mask part 
420 for the piezoelectric active part 320. Hereby, the 
intermediate part provided with a pattern that the inter- 
mediate part approaches each piezoelectric active part 
320 at one end can be formed. In the meantime, a nar- 
row part 451a which becomes narrower at the end is 
formed in an opening 451 adjacent to the wide part of 
the mask part 420 and thicker resist is left in a narrower 
part. Therefore, as the piezoelectric film 70 is left in the 
narrow part 451a when the piezoelectric active part 320 
is patterned, the above vibration regulating part 355 
which gradually becomes narrower and gradually 
becomes thicker respectively toward the end can be 
formed by forming the lower electrode film removed part 
350 by afterward further etching using the same pattern 
as described above. 

[01 71 ] In the above step for removing the lower elec- 
trode film, the lower electrode film removed part 350 
may be also formed using a resist pattern shown in Fig. 
19 (b). The resist pattern is provided with an opening 
452 which becomes narrow at one end. In a narrow part 
452a at one end of the opening 452, thicker resist is left 
in a narrower part. 

[0172] In this case, a wide part is not required to be 
formed in the mask part 425 shown in Fig. 19 (a). 
[01 73] In the above structure provided with the vibra- 
tion regulating part 355, as vibration by the application 
of voltage is also regulated in only the vicinity of the end 
of the piezoelectric active part 320 as in the above case, 
displaced quantity is also relatively reduced and dis- 
placed quantity at the end can be also inhibited without 
greatly reducing displaced quantity as a whole, peeling, 
a crack and others at the end of the piezoelectric active 
part 320 and a crack and others in the vicinity of the 
contact hole 90a can be prevented. 
[0174] In any case, the lower electrode film removed 
part 350 may be also provided not only on both sides in 
the direction of the width of the piezoelectric active part 
320 but at the end. 

[01 75] As described above, in this embodiment, when 
the openings 450 to 452 respectively provided with the 
narrow parts 450a to 452a are patterned in a resist film, 
the resist film which becomes thicker at the end is 
respectively left in the narrow parts 450a to 452a and 
the vibration regulating part 355 is formed utilizing the 
resist film. The reason why resist is respectively left in 
the narrow parts 450a to 452a as described above is to 
suitably make adjustment by deteriorating the resolution 
of patterning and others by widening an interval 
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between a mask and a substrate and others in exposure 
and as a pattern is difficult to be drawn in a narrow area, 
a resist film can be left As resist is also etched as the 
upper electrode film 80. the piezoelectric film 70, the 
lower electrode film 60 and others in dry etching using s 
the pattern if thicker resist is left in a narrower part as 
described above, a thick part is formed in proportion to 
the thickness of a resist left part as a result. 

Twelfth Embodiment w 

[0176] Fig. 20 is a plan showing the main part of an 
ink-jet recording head equivalent to a twelfth embodi- 
ment of the present invention. 

[01 77] In this embodiment, a piezoelectric film 70 and is 
an upper electrode film 80 constituting a piezoelectric 
active part 320 are extended from over one end in the 
longitudinal direction of a pressure generating chamber 
12 up to over its peripheral wall so as to be provided 
with a connecting part 321 which crosses a boundary 20 
between an area opposite to the pressure generating 
chamber 1 2 and an area opposite to the peripheral wall 
and a vibration regulating part 355A of a lower electrode 
film removed part 350 is formed in the vicinity of the 
connecting part 321 . The vibration regulating part 355 A 25 
is a vibration regulating part which gradually becomes 
narrower and gradually becomes thicker as in the elev- 
enth embodiment. 

[0178] Therefore, owing to such structure, as in the 
eleventh embodiment, displacement in the vicinity of the 30 
connecting part 321 is regulated and breaking in the 
vicinity of the connecting part 321 is prevented. 

Thirteenth Embodiment 

35 

[0179] Figs. 21 are plan showing the main part of an 
ink-jet recording head equivalent to a thirteenth embod- 
iment of the present invention and a sectional view 
viewed along a line R-R*. 

[0180] In this embodiment, a vibration regulating part 40 
355B at one end of a lower electrode film removed part 
350 gradually becomes narrower toward the end, how- 
ever, the thickness is unchanged. Such structure can be 
formed by completely removing resist in the narrow part 
450a in the opening 450 shown in Figs. 18. 45 
[0181 ] In this case, vibration in the vibration regulating 
part 355B is also regulated as in the eleventh embodi- 
ment and breaking and others in the vicinity of the vibra- 
tion regulating part 355B are prevented. 

so 

Fourteenth Embodiment 

[0182] Rgs. 22 are a plan showing the main part of an 
ink-jet recording head equivalent to a fourteenth 
embodiment of the present invention and a sectional 55 
view viewed along a line S-S\ 

[0183] In this embodiment a vibration regulating part 
355C at one end of a lower electrode film removed part 
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350 gradually becomes thicker toward the end, how- 
ever, the width is unchanged in an area opposite to a 
pressure generating chamber 1 2 and directly related to 
the regulation of vibration. Such structure can be also 
similarly formed using a resist pattern provided with an 
opening which becomes narrower toward the end as 
described above. In this case, the width of the end is 
equal to the width from the end in the direction of the 
width of a piezoelectric active part 320 to the edge of 
the pressure generating chamber 12 or wider. 
[0184] In this case, vibration in the vibration regulating 
part 355C is also similarly regulated as in the eleventh 
embodiment and breaking and others in the vicinity of 
the vibration regulating part 355C are prevented. 
[0185] In such structure, the width of an opening in a 
part corresponding to the vibration regulating part 355C 
is unchanged, however, a mask provided with ah open- 
ing in which a resist film gradually becomes thicker 
toward the end can be also formed by gradually laminat- 
ing thin resist layers for example. 

Fifteenth Embodiment 

[0186] Rgs. 23 are plans showing the main part of an 
ink-jet recording head equivalent to a fifteenth embodi- 
ment of the present invention. 

[0187] This embodiment is an example in which a 
vibration regulating part 355D is provided approximately 
in the center of a piezoelectric active part 320. If a con- 
necting part 321 A is provided approximately in the 
center of the piezoelectric active part 320 as shown in 
Fig. 23 (a), the vibration regulating part 355D may be 
also provided in the vicinity of the connecting part 321 A. 
The vibration regulating part 355D is formed on both 
sides in the direction of the width of the piezoelectric 
active part 320 in the vicinity of the connecting part 
321 A and on both sides of the connecting part 321 A. 
[0188] If a contact hole 90a is provided approximately 
in the center of the piezoelectric active part 320 as 
shown in Fig. 23 (b). the vibration regulating part 355D 
may be also provided in the vicinity of the contact hole 
90a, that is, on both sides in the center of the piezoelec- 
tric active part 320 and on both sides of a lead electrode 
100. 

[0189] In this embodiment, a lower electrode film 
removed part 350 is provided on both sides of the piezo- 
electric active part 320 as in the eleventh embodiment 
and the vibration regulating part 355D is formed by 
changing the width and the thickness of a lower elec- 
trode film 60 so that the width gradually becomes nar- 
rower and the thickness gradually becomes thicker 
respectively toward approximately the center of the pie- 
zoelectric active part 320 and the vibration of a dia- 
phragm is regulated in the center. 
[01 90] Therefore, in this case, vibration in the vibration 
regulating part 355D is also regulated as in the eleventh 
embodiment and breaking and others in the vicinity of 
the vibration regulating part 355D are prevented. 
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Sixteenth Embodiment 

[0191] Figs. 24 show planar positional relationship 
among a piezoelectric active part 320, a lower electrode 
film removed part 350 and a pressure generating cham- 
ber 12 of an ink-jet recording head equivalent to a six- 
teenth embodiment and a section. As basic constitution 
is similar to that in the first embodiment, the same refer- 
ence number is allocated to a member showing the 
same action and the description is omitted. 
[0192] As shown in Fig. 24 (a), the piezoelectric active 
part 320 composed of a piezoelectric film 70 and an 
upper electrode film 80 is provided in an area opposite 
to the pressure generating chamber 12 and formed so 
that the width of the piezoelectric active part is slightly 
narrower than that of the pressure generating chamber 
12. An insulating layer 90 and a lead electrode 100 are 
formed on the upper electrode film 80 and a contact 
hole 90a for connecting the lead electrode 100 and the 
upper electrode film 80 is formed in the insulating layer 
90 corresponding to one end of the piezoelectric active 
part 320. 

[0193] The lower electrode film removed part 350 is 
formed opposite to the vicinity of a boundary with the 
peripheral wall of the pressure generating chamber 12 
and in an area surrounding the piezoelectric active part 
320. 

[01 94] The other part of an area opposite to the pres- 
sure generating chamber 12, that is, a thick part 370 rel- 
atively thicker than the lower electrode film removed 
part 350 is formed in an area opposite to the edge of the 
pressure generating chamber 12 and in the vicinity of 
the end of the piezoelectric active part 320 near the 
contact hole 90a as shown in a section viewed along a 
line T-T in Fig. 24 (b). In this embodiment, the thick part 
370 is formed by leaving the lower electrode film 60 
without removing rt That is, when the lower electrode 
film removed part 350 is formed in the step shown in 
Fig. 5 (c), the lower electrode film 60 in this part is left. 
[0195] Owing to such constitution, when voltage is 
applied to the piezoelectric active part 320 to drive it, the 
vibration of a diaphragm in the vicinity of the contact 
hole 90a is regulated by the thick part 370 and the 
breaking and others of the piezoelectric active part 320 
can be prevented. Also, the durability of the diaphragm 
in an area opposite to the inside of a boundary between 
the pressure generating chamber 12 and the peripheral 
wall is enhanced by the thick part 370. Particularly, in 
case the rigidity of the diaphragm is deteriorated by 
forming the lower electrode film removed part 350 
around the piezoelectric active part 320 as in this 
embodiment, the thick part is effective. 
[01 96] In this embodiment described above, the lower 
electrode film removed part 350 is formed around the 
piezoelectric active part 320 and the thick part 370 is 
formed by only the lower electrode film 60, however, the 
present invention is not Gmited to this. The thick part 370 
has only to be formed so that it is relatively thicker than 



the other part in the area opposite to the pressure gen- 
erating chamber 12 as described above, for example, 
not only the lower electrode film 60 but the piezoelectric 
film 70 and the upper electrode film 80 may be also left 

5 and also for example, the thick part 370 thicker than the 
other part may be also formed by laminating another 
layer such as an insulating layer on the lower electrode 
film 60 or an elastic film 50 from which the lower elec- 
trode film 60 is removed. 

w [01 97] Further, the lower electrode film removed part 
350 is not necessarily required to be formed and the 
thick part 370 in this case has only to be formed so that 
the thick part is relatively thicker than the other part by 
leaving the piezoelectric film 70 and further, the upper 

15 electrode film 80 on the lower electrode film 60 for 
example or by laminating another layer such as an insu- 
lating layer on the lower electrode film 60 for example. 

Seventeenth Embodiment 

20 

[01 98] Fig. 25 shows planar positional relationship 
among a piezoelectric active part 320, a lower electrode 
film removed part 350 and a pressure generating cham- 
ber 12 in a seventeenth embodiment. 

25 [01 99] This embodiment is the same as the sixteenth 
embodiment except that the inner edge of a thick part 
370A formed in an area opposite to the corner of the 
pressure generating chamber 1 2 is formed by a curve 
as shown in Fig. 25. In this embodiment, the similar 

30 thick part 370A is also provided at the corner of the 
other end of the pressure generating chamber 12. 
[0200] Owing to such constitution, the similar effect to 
that in the sixteenth embodiment can be produced and 
the durability of a diaphragm in the vicinity of a bound- 

35 ary with the other end of the pressure generating cham- 
ber 12 is enhanced. Further, as the inner edge of the 
thick part 3 70 A is formed by a curve to remove corners, 
a crack can be effectively prevented from being caused 
in a diaphragm at the corner. 

40 

Eighteenth Embodiment 

[0201] Fig. 26 shows planar positional relationship 
among a piezoelectric active part 320, a lower electrode 

45 film removed part 350 and a pressure generating cham- 
ber 12 in an eighteenth embodiment 
[0202] This embodiment is the same as the sixteenth 
embodiment except that a piezoelectric film 70 and an 
upper electrode film 80 constituting the piezoelectric 

so active part 320 are continuously extended from an area 
opposite to the pressure generating chamber 12 to an 
area opposite to its peripheral wall and a contact part 
with a lead electrode 100 and the upper electrode film 
80 is provided to an area opposite to the peripheral wall. 

55 [0203] That is, as shown in Fig. 26, the piezoelectric 
active part 320 is basically provided in the area opposite 
to the pressure generating chamber 12, at one end of 
the pressure generating chamber 12, the piezoelectric 
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film 70 and the upper electrode film 80 are extended to 
the area opposite to the peripheral wall, a connecting 
part 321 is provided in the vicinity of a boundary with the 
area opposite to the pressure generating chamber 12 
and a thick part 370B is formed in the vicinity of the con- 5 
necting part 321 . The thick part 370 B is formed by leav- 
ing a lower electrode film 60 for example as in the above 
embodiments. 

[0204] Owing to such constitution, vibration at the end 
in the vicinity of the connecting part 321 of the piezoe- 10 
lectric active part 320 B is inhibited by the thick part 
370B as in the sixteenth embodiment and the breaking 
and others of a diaphragm can be prevented. Needless 
to say, the thick part 370 B may be also provided at the 
other end of the pressure generating chamber 12. 15 

Nineteenth Embodiment 

[0205] Fig. 27 shows planar positional relationship 
among a piezoelectric active part 320, a lower electrode 20 
film removed part 350 and a pressure generating cham- 
ber 12 in a nineteenth embodiment. 
[0206] This emborfment is the same as the eighteenth 
embodiment except that the lower electrode film 
removed part 350 is formed in the shape of a groove 25 
along the piezoelectric active part 320 as shown in Fig. 
27, a thick part 370C is provided in a longitudinal direc- 
tion in an area opposite to a boundary with the periph- 
eral wall on both sides in the direction of the width of the 
pressure generating chamber 12 and further, a thick 30 
part 370D the inner edge of which is formed by a curve 
is provided so that the end of the piezoelectric active 
part 320 over the pressure generating chamber 12 is 
surrounded. 

[0207] Therefore, owing to such constitution, the 35 
breaking and others of a diaphragm in an area opposite 
to a boundary with the peripheral wall of the pressure 
generating chamber 12 can be prevented by the thick 
parts 370C and 370D. 

40 

Other Embodiments 

[0208] Each embodiment of the present invention is 
described above, however, the basic constitution of the 
ink-jet recording head is not limited to the above one. 45 
[0209] For example, the common ink chamber forming 
plate 30 may be also formed by glass ceramics in addi- 
tion to the above sealing plate 20, further, the thin film 
41 may be also formed by glass ceramics as another 
member and the material, the structure and others may so 
be freely varied. 

[021 0] In the above embodiments, the nozzle aperture 
is formed on the end face of the passage forming sub- 
strate 10, however, a nozzle aperture connected in a 
direction perpendicular to the face may be also formed. 55 
[0211] Figs. 28 and 29 are respectively an exploded 
perspective view showing an embodiment constituted 
as described above and a sectional view showing the 



passage. In this embodiment, a nozzle aperture 1 1 is 
made in a nozzle substrate 1 20 on the reverse sid to a 
piezoelectric element and a nozzle communicating port 
22 connecting the nozzle aperture 1 1 and a pressure 
generating chamber 12 pierces a sealing plat 20, a 
common ink chamber forming plate 30, a thin plate 41 A 
and an ink chamber side plate 40A. 
[0212] This embodiment is basically the same as the 
above embodiments except that the thin plate 41 A and 
the ink chamber side plate 40A are formed separately 
and an opening 40b is formed in the ink chamber side 
plate 40, the same reference number is allocated to the 
same member and the description is omitted. 
[0213] In this embodiment, as in the first to the nine- 
teenth embodiments, a vibration regulating part is also 
provided, vibration in a piezoelectric active part is par- 
tially regulated, and peeling and a crack at both ends of 
a piezoelectric film can be prevented. 
[0214] Needless to say, it need scarcely be said that 
more effect is produced by suitably combining the above 
embodiments. 

[0215] In the above embodiments, the thin film-type 
ink-jet recording head which can be manufactured by 
applying processes for forming films and lithography is 
described as an example, however, needless to say, the 
present invention is not limited to this and the present 
invention can be applied to ink-jet recording heads pro- 
vided with various structure such as a type in which a 
pressure generating chamber is formed by laminating 
substrates, a type in which a piezoelectric film is formed 
by sticking a green sheet, screen printing and others 
and a type in which a piezoelectric film is formed by 
crystal growth. 

[0216] The example in which the insulating layer is 
provided between the piezoelectric element and the 
lead electrode is described, however, the present inven- 
tion is not limited to this, for example, an anisotropic 
conductive film may be also thermally welded to each 
upper electrode without providing an insulating layer 
and connected to a lead electrode, and may be also 
connected using various bonding technique such as 
wire bonding. 

[021 7] As described above, the present invention can 
be applied to ink-jet recording heads provided with vari- 
ous structure unless the object is violated. 
[021 8] The ink-jet recording heads equivalent to these 
embodiments respectively constitute a part of a record- 
ing head unit provided with an ink passage communi- 
cating with an ink cartridge and others and are 
respectively mounted in an ink-jet recording device. Fig. 
30 is a schematic drawing showing an example of the 
ink-jet recording device. 

[0219] As shown in Fig. 30, cartridges 2A and 2B 
respectively constituting ink supply means are respec- 
tively provided on recording head units 1A and 1B 
respectively provided with an ink-jet recording head so 
that the cartridges can be respectively detached and a 
carnage 3 mounting these recording head units 1 A and 



45 



17 



33 



EP 0 943 437 A1 



34 



1 B is provided to a carriage shaft 5 attached to the body 
4 of the device so that the carriage can be moved axi- 
ally. These recording head units 1 A and 1 B respectively 
jet a black ink composition and a color ink composition. 
[0220] The driving force of a driving motor 6 is trans- s 
mitted to th carriage 3 via plural gears not shown and 
a timing belt 7 and the carriage 3 mounting the record- 
ing head units 1 A and 1 B is moved along the carriage 
shaft 5. In the meantime, a platen 8 is provided along 
the carnage shaft 5 in the body 4 of the device and a 10 
recording sheet S which is a recording medium such as 
paper fed by a paper feeding roller not shown and oth- 
ers is wound on the platen 8 and carried. 
[0221 ] A described above, according to the present 
invention, vibration is partially regulated by providing the is 
vibration regulating part for regulating vibration in a part 
of the piezoelectric active part opposite to the pressure 
generating chamber, and a crack or peeling at both 
ends of the piezoelectric active part and others can be 
prevented without greatly reducing the whole displaced 20 
quantity. 

Claims 

1. An ink-jet recording head provided with a dia- 25 
phragm constituting a part of a pressure generating 
chamber communicating with a nozzle aperture, a 
piezoelectric element formed on said diaphragm 
and the piezoelectric active part of said piezoelec- 
tric element in an area opposite to said pressure 30 
generating chamber, characterized in that 

a vibration regulating part for partially regulat- 
ing vibration in at least a part of said diaphragm 
is provided in the vicinity of a boundary with the 3S 
peripheral wall of said pressure generating 
chamber. 

2. An ink-jet recording head according to Claim 1, 
wherein said diaphragm is provided with a thin part 40 
thinner than the thickness of a part corresponding 

to said piezoelectric active part at least in a part 
along the edge of said pressure generating cham- 
ber on both sides in the direction of the width of said 
piezoelectric active part. 45 

3. An ink-jet recording head according to Claim 1 or 2, 
wherein, said vibration regulating part is provided 
outside in the longitudinal direction and on both 
sides of the end of said piezoelectric active part. so 

4. An ink-jet recording head according to Claim 2, 
wherein said vibration regulating part is provided 
outside in the longitudinal direction of the end of 
said piezoelectric active part; and 55 

said diaphragm on both sides of said vibration 
regulating part is said thin part. 



5. An ink-jet recording head according to Claim 1 or 2, 
wherein said vibration regulating part is provided in 
a part of both sides in the direction of the width of 
said piezoelectric active part. 

6. An ink-jet recording head according to any of 
Claims 2 to 5, wherein said vibration regulating part 
is a thick part in which said diaphragm is thicker 
than said thin part. 

7. An ink-jet recording head according to any of 
Claims 1 to 6, wherein said vibration regulating part 
is provided with another layer for regulating the 
vibration of said vibration regulating part. 

8. An ink-jet recording head according to any of 
Claims 1 to 7, wherein said vibration regulating part 
is provided with an inactive part provided with an 
inactive piezoelectric layer on said diaphragm. 

9. An ink-jet recording head according to Claim 8, 
wherein said inactive part is a part in which an 
upper electrode on a piezoelectric layer constituting 
said piezoelectric element is removed or a part in 
which the upper electrode is provided on the piezo- 
electric layer via an insulating layer. 

10. An ink-jet recording head according to Claim 1, 
wherein said vibration regulating part is provided in 
at least a part of the inner edge of a boundary 
between said pressure generating chamber and the 
peripheral wall; and said vibration regulating part is 
a thick part the whole thickness of which is thicker 
than the whole thickness around said piezoelectric 
active part. 

11. An ink-jet recording head according to Claim 10, 
wherein said thick part is provided on both sides in 
the direction of the width of said piezoelectric active 
part. 

12. An ink-jet recording head according to Claim 10 or 
1 1 , wherein the inner edge of said thick part pro- 
vided at the corner of said pressure generating 
chamber is curved. 

13. An ink-jet recording head according to any of 
Claims 10 to 12, wherein said thick part is com- 
posed of said diaphragm, said piezoelectric layer 
and said upper electrode. 

14. An ink-jet recording head according to any of 
Claims 10 to 12, wherein said thick part is com- 
posed of said diaphragm and another layer. 

15. An ink-jet recording head according to any of 
Claims 10 to 12, wherein said thick part is com- 
posed of said diaphragm. 
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16. An ink-jet recording head according to any of 
Claims 10 to 14, wherein the periphery of said pie- 
zoelectric active part is substantially composed of 
said diaphragm. 

5 

17. An ink-jet recording head according to any of 
Claims 10 to 15, wherein around said piezoelectric 
active part, the thickness of said diaphragm is sub- 
stantially relatively thinned. 

w 

18. An ink-jet recording head according to Claim 17, 
wherein said diaphragm is composed of an elastic 
film and a lower electrode; and the periphery of said 
piezoelectric active part is composed of only said 
elastic film. 15 

19. An ink-jet recording head according to Claim 1 or 2, 
wherein said vibration regulating part is provided in 
a part of an arm along the edge of said pressure 
generating chamber on both sides in the direction 20 
of the width of said piezoelectric active part; and the 
vibration of said diaphragm is regulated by gradu- 
ally varying the thickness of said arm. 

20. An ink-jet recording head according to Claim 1 or 2, 25 
wherein said vibration regulating part is provided in 

a part of an arm along the edge of said pressure 
generating chamber on both sides in the direction 
of the width of said piezoelectric active part; and the 
vibration of said diaphragm is regulated by gradu- 30 
ally varying the width of said arm. 

21 . An ink-jet recording head according to Claim 1 or 2, 
wherein said vibration regulating part is provided in 

a part of an arm along the edge of said pressure 35 
generating chamber on both sides in the direction 
of the width of said piezoelectric active part; and the 
vibration of said diaphragm is regulated by gradu- 
ally varying the thickness and the width of said arm. 

40 

22. An ink-jet recording head according to Claim 20 or 
- 21, wherein the width of said arm is equivalent to 

distance from the end in the direction of the width of 
said piezoelectric active part to a thick part which is 
provided between adjacent piezoelectric active 45 
parts and the thickness of which is thicker than that 
of said arm. 

23. An ink-jet recording head according to any of 
Claims 19 to 22, wherein said diaphragm includes so 
an elastic film and a lower electrode provided on 
said elastic film; said arm is essentially composed 

of said elastic film and said lower electrode; and the 
variation of the thickness of said vibration regulat- 
ing part is equivalent to the variation of the thick- 55 
ness of said piezoelectric layer. 

24. An ink-jet recording head according to any of 



Claims 19 to 23. wherein said diaphragm is com- 
posed of said elastic film and a lower electrode pro- 
vided on said elastic film, said arm is essentially 
composed of only said elastic film, said vibration 
regulating part is further provided with said lower 
electrode; and the variation of the thickness of said 
vibration regulating part is equivalent to the varia- 
tion of the thickness of said lower electrode. 

25. An ink-jet recording head according to any of 
Claims 1 to 24, wherein a piezoelectric layer and an 
upper electrode constituting said piezoelectric 
active part are continuously provided from the end 
in the longitudinal direction of said piezoelectric 
active part to an area opposite to the peripheral wall 
of said pressure generating chamber and constitute 
a connecting part; and said vibration regulating part 
is provided at least in the vicinity of said connecting 
part of said pressure generating chamber. 

26. An ink-jet recording head according to Claim 25, 
wherein said connecting part is provided to the end 
in the longitudinal direction of said pressure gener- 
ating chamber. 

27. An ink-jet recordng head according to any of 
Claims 1 to 25, wherein said piezoelectric active 
part is provided in an area opposite to said pres- 
sure generating chamber apart from the peripheral 
wall and provided with a contact which functions as 
a connection between a lead electrode for applying 
voltage to said piezoelectric active part and said 
piezoelectric active part in an area opposite to said 
pressure generating chamber and said vibration 
regulating part is provided at least in the vicinity of 
said contact of said pressure generating chamber. 

2a An ink-jet recording head according to Claim 27, 
wherein said contact is provided in the vicinity of the 
end in the longitudinal direction of said pressure 
generating chamber. 

29. An ink-jet recording head according to Claim 27 or 
28, wherein an insulating layer is formed on the 
upper surface of said piezoelectric active part; and 
said contact is formed in a contact hole formed in 
said insulating layer. 

30. An ink-jet recording head according to Claim 1 or 2, 
wherein said piezoelectric layer and said upper 
electrode constituting said piezoelectric active part 
are continuously provided from the end in the longi- 
tudinal direction of said piezoelectric active part to 
an area opposite to the peripheral wall of said pres- 
sure generating chamber and constitute a connect- 
ing part and said vibration regulating part is a 
vibration regulating layer laminated at least on said 
piezoelectric active part in the vicinity of the follow- 
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ing end on the side on which at least said connect- 
ing part is provided at the end in the longitudinal 
direction of said pressure generating chamber for 
regulating the vibration of said diaphragm. 

5 

31. An ink-jet recording head according to Claim 30. 
wherein an insulating layer laminated so that the 
vicinity of at least the end in the longitudinal direc- 
tion of said pressure generating chamber is cov- 
ered constitutes said vibration regulating layer. w 

32. An ink-jet recording head according to Claim 30 or 
31, wherein a layer provided at least on said con- 
necting part of said piezoelectric active part consti- 
tutes said vibration regulating layer. is . 

33. An ink-jet recording head according to Claim 32, 
wherein said vibration regulating layer is constituted 
by thickening the thickness of said upper electrode 
film, compared with that of the other part. 20 

34. An ink-jet recording head according to any of 
Claims 30 to 33, wherein, in said connecting part, 
both said piezoelectric layer and said upper elec- 
trode are formed so that they are narrower than the 25 
main part of said piezoelectric active part. 

35. An ink-jet recording head according to any of 
Claims 30 to 34, wherein, in said connecting part, 
only said upper electrode is formed so that it is nar- 
rower than the main part of said piezoelectric active 
part. 

36. An ink-jet recording head according to any of 
Claims 30 to 35, wherein a contact for connecting a 
lead electrode for applying voltage to said piezoe- 
lectric active part and said upper electrode is pro- 
vided in a part opposite to the peripheral wall of 
said pressure generating chamber. 

37. An ink-jet recording head according to any of 
Claims 1 to 36, wherein said pressure generating 
chamber is formed by anisotropically etching a sili- 
con monocrystalline substrate; and each layer of 
said piezoelectric element is formed by a film form- 
ing method and lithography. 

38. An ink-jet recording device, wherein said ink-jet 
recording device is provided with the ink-jet record- 
ing head according to any of Claims 1 to 37. so 
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